Soybean (Glycine max L.) glycinin is composed of five subunits which are classified into two groups (group I: A1aB1b, A1bB2, and A2B1a; group II: A3B4 and A5A4B3). All the common soybean cultivars contain both group I and II subunits (Maruyama, N. et al., Phytochemistry, 64, 701-708 (2003)). The biosynthesis of group I starts earlier compared with that of the A3B4 subunit during seed development (Meinke, D.W. et al., Planta, 153, 130-139 (1981)). We have revealed that group I A1aB1b was mostly expressed as a soluble protein, but that A3B4 was expressed mainly as an insoluble protein in Escherichia coli under the same expression conditions; namely, A1aB1b had higher folding ability than A3B4. We therefore assumed that A1aB1b assists folding of group II subunits like a molecular chaperone does. In order to ascertain this, A1aB1b and A3B4 were co-expressed in E. coli. All of the expressed proteins of A3B4 were recovered in a soluble fraction. To confirm this result, we also coexpressed A1aB1b with modified A3B4 versions having extremely low folding ability. All expressed modified A3B4 versions were soluble. These results clearly suggest that A1aB1b has a molecular chaperone-like function in their folding.
Soybean glycinin, a member of the 11S globulin family, has five major subunits which are classified into two groups according to the homology in amino acid sequences, and account for about 80% of storage proteins. In developing seeds, the constituent subunits of 11S globulin are synthesized as a single polypeptide precursor, preproprotein, the signal sequence of which is removed co-translationally. The resultant proproteins are assembled into trimers of 8S in the endoplasmic reticulum (ER). These trimers are transported from ER to protein storage vacuoles, where they then are cleaved to form acidic and basic polypeptides that are linked by a disulfide bond. 1) Finally, the mature proteins are assembled into hexamers. Apart from artificially developed soybean, an analysis of a total of 5828 soybean cultivars has revealed the presence of both group I and II subunits.
2) During seed development, synthesis of the A3B4 subunit starts later than that of group I subunits. 3) On the basis of these, we hypothesized that the interaction between constituent subunits of glycinin may play a vital role in their correct folding and stabilization on account of their multiple constituent subunits and different temporal synthesis in seed development. In the present study, we examined the folding abilities of A1aB1b, A3B4 and modified versions of A3B4, and the effects of their co-expression in E. coli to elucidate our hypothesis.
Expression plasmids pEA1aB1b 4) and pEA3B4 5) for A1aB1b and A3B4 were respectively used. We constructed co-expression plasmid pEA1aB1bA3B4 for coexpressing A1aB1b with A3B4. A DNA region containing A3B4 cDNA and a ribosome binding site (RBS) was amplified from pEA3B4 by using the oligonucleotides A3B4N (5 0 CGGGATCCACTTTAAGAAGGAGATA-TACATATG-3 0 ) containing a BamHI site and A3B4C (5 0 -CCGAGCTCTTATGGGTTGACCAAAGGGCCG-GAG-3 0 ) containing a SacI site as primers by a polymerase chain reaction (PCR). The PCR product was digested with BamHI and SacI and then inserted into the corresponding sites of pEA1aB1b. We also constructed expression plasmids for modified versions of A3B4. The DNA regions for two RPLKPW (strong anti-hypertensive peptide) 6) -like sequences of TPSYPP and RPSHGK corresponding to residues 268-273 and 275-280 of the hypervariable region in the A3B4 subunit were respectively changed to the DNA sequences for * Present address: Laboratory of Applied Molecular Design, Marine Biotechnology Institute, Kamaishi, Iwate 026-0001, Japan y To whom correspondence should be addressed. Fax: +81-774-38-3761; E-mail: sutsumi@kais.kyoto-u.ac.jp Biosci. Biotechnol. Biochem., 68 (9), [1991] [1992] [1993] [1994] 2004 Note RPLKPW by site-directed mutagenesis of the cDNA encoding the A3B4 subunit in the expression plasmid pEA3B4, and the DNA regions for RPDHPP and RPSRPE corresponding to residues 295-300 and 302-307 of the hypervariable region in A3B4 were respectively changed to DNA sequences for RPLKPW ( Fig. 1 ) to construct expression plasmids pEA3B4P2 and pEA3B4P4 using four synthetic oligonucleotides as primers (Table 1) . After phosphorylation with T4 polynucleotide kinase (Toyobo), the PCR products were selfligated with a DNA ligation kit (Takara). To construct co-expression plasmids pEA1aB1bA3B4P2 (for co-expressing A1aB1b with A3B4P2) and pEA1aB1bA3B4P4 (for co-expressing A1aB1b with A3B4P4), the DNA regions containing modified A3B4 cDNA and RBS were amplified from pEA3B4P2 and pEA3B4P4 by PCR, and then inserted into the corresponding sites of pEA1aB1b as already described. The nucleotide sequences of the coding regions were confirmed by a 310 automated DNA sequencer (Applied Biosystems Division of Perkin-Elmer) according to the manufacturer's instructions.
A Luria-Bertani medium (4 ml) containing 0.37 M NaCl and 50 g/ml of carbenicillin was inoculated with 40 l of a fully grown culture of HMS174(DE3) (Novagen) harboring the individual expression plasmids, and incubated with shaking at 37 C. When the OD 600 value of the culture had reached about 0.5, isopropyl--D-thiogalactopyranoside was added to a final concentration of 1 mM. After cultivation for 2 days at 20 C, the cells were harvested. An SDS-PAGE analysis was conducted on 7.5% (w/v) polyacrylamide gel as described previously. 7) For Western-blot analysis, proteins resolved by SDS-PAGE were transferred to nitrocellulose membranes and incubated with the anti-A3B4 serum. 8) Nearly all expressed A1aB1b was recovered in the soluble fraction, but most of expressed A3B4 was in the insoluble fraction (Fig. 2, A and B) . This suggests that the folding ability of A1aB1b was much higher than that of A3B4. Modified versions A3B4P2 and A3B4P4 were completely recovered in the insoluble fraction, as revealed by the western blot with the anti-serum against A3B4 (Fig. 2, D and E) , indicating that the folding ability of A3B4 had been further decreased by modification. However, the western-blot profiles for the coexpression of A1aB1b with A3B4 (Fig. 2, C) showed that all expressed A3B4 was recovered in the soluble 
F and R indicate forward and reverse, respectively. fraction, although the expression level of A3B4 in the case of co-expression was lower compared to that of A3B4 alone (Fig. 2, B) . This result clearly suggests that A1aB1b had a molecular chaperone-like function for the proper folding and assembly of A3B4 in E. coli. In order to confirm this, the modified versions of A3B4 were coexpressed with A1aB1b. All of the expressed modified versions were recovered in the soluble fractions (Fig. 2,  F and G) . This result further supports our speculation.
Calpain is a cytosolic protease in animal tissue and a heterodimer consisting of a catalytic 80 kDa subunit and a regulatory 30 kDa subunit. 9) Yoshizawa et al. have reported that the 30 kDa subunit facilitated the refolding of the 80 kDa subunit. 10) This is a typical report of one constituent subunit having a chaperone-like function on the other. However, these two subunits are completely different in structure and function to each other, while the glycinin subunits share the same fundamental structure. 11, 12) Immunolocalization experiments on maize storage proteins in transgenic plants have demonstrated that a preaccumulation of -zein is a prerequisite for the stable accumulation of -zein in the protein bodies.
13Þ Although this phenomenon is similar to our observation, there is the essential difference that -and -zeins are present as different proteins from each other in the protein bodies. Therefore, this present study is the first to report that one subunit with high folding ability has a chaperone-like function on the others.
This study can contribute to the development of transgenic crops accumulating modified glycinins with low folding ability. In this study, we designed modified versions of A3B4 containing two RPLKPW sequences. To facilitate the release of RPLKPW from modified A3B4 in the intestine after ingestion of the protein, the 267th, 294th and 301st residues were also changed to arginine or lysine (Fig. 1) . This modification allowed the RPLKPW sequences to be released by trypsin and chymotrypsin. Matoba et al. 6) and Yamada et al. 14) have designed soybean -conglycinin 0 subunit containing RPLKPW and confirmed that the introduced bioactive peptides were released by the action of trypsin and chymotrypsin and elicited high anti-hypertensive activity in vivo. These results suggest that RPLKPW could also be released from the modified versions of A3B4 by the action of trypsin and chymotrypsin and may exhibit high anti-hypertensive activity in vivo, since the positions of the modifications are in the disordered region on the molecular surface. However, all of the expressed modified versions of A3B4 had very low folding ability (Fig. 2, D and E) . When we plan to develop transgenic crops, the accumulation level of modified foreign proteins in a transgenic crop is very important. Modified A1aB1b, which was assessed to fold correctly by the E. coli expression system, could accumulate in protein storage vacuoles of tobacco 8) and rice. 4) The results obtained in this study indicate that it is possible to develop transgenic crops accumulating modified A3B4 by co-expressing A1aB1b, although the accumulation of modified A3B4 alone in transgenic crops would seem to be difficult due to their incorrect folding in E. coli. In fact, the accumulation level of A3B4 in transgenic rice seeds was increased by the coexpression of A3B4 with A1aB1b (details will be described elsewhere). . The E. coli strain HMS174(DE3) cells harboring individual expression plasmids were analysed by SDS-PAGE in 7.5% gel. After electrophoresis, the gel was stained with Coomassie brilliant blue (1) or subjected to western blotting by using the anti-A3B4 serum (2) . T, total fraction of the cells; S, soluble fraction of the cells; I, insoluble fraction of the cells.
